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Immunologic characterization of plasma membranes from the renal
proximal tubule of the dog. Plasma membrane fractions from the
brush border (BBM) and antiluminal (ALM) surfaces of the dog's
renal proximal tubule cell were separated using free-flow dcc-
trophoresis. Rabbits immunized with BBM rapidly produced an-
tibody, but rabbits immunized with ALM did not respond. In-
direct immunofluorescence and immunoferritin studies showed
that the antibody reacts with the brush border of the proximal
tubules in the normal kidney of the adult dog. It also reacts with
the surface membranes of certain other absorptive and secretory
epithelia, such as gall bladder, small intestine, epididymis, and
lacrimal gland. The antibody has affinity for the membrane mal-
tase without affecting its catalytic activity, but does not appear to
have affinity for the membrane alkaline phosphatase or the high
affinity binding site for phlorizin present in the BBM. Poly-
acrylamide electrophoresis of solubilized BBM showed -37 pro-
tein bands and four glycoproteins. We conclude that the proximal
tubule cell is immunologically polarized with respect to the distri-
bution of antigenic proteins, and that the BBM is highly antigenic.
The antigenic components appear to be high molecular weight
glycoproteins present in the glycocalyx.
Caractérisation immunologique des membranes plasmiques du
tube proximal du rein de chien. Des membranes plasmiques de Ia
bordure en brosse (BBM) et de Ia face anti-luminale (ALM) des
cellules tubulaires proximales du rein de chien ont été séparées au
moyen de l'électrophorèse en flux libre. Des lapins immuriisés avec
BBM ont produit rapidement des anticorps mais ceux traités avec
ALM n'ont pas réponde. L'étude par l'immunofluorescerice in-
directe et l'immunoferritine a montré que l'anticorps réagit avec Ia
bordure en brosse du tube proximal du rein de chien adulte nor-
mal. L'anticorps réagit aussi avec les membranes de surface de
certains autres épithélium d'absorption ou de secretion tels ceux de
Ia vésicule biliaire de l'intestin gréle, de l'épididyme 00 de Ia glande
lacrymale. L'anticorps a de l'affinité pour Ia maltase membranaire
sans modifier son activité catalytique. II ne paraIt pas avoir
d'affinité pour Ia phosphatase alcaline membranaire ou pour le site
de liaison a haute affinité pour Ia phlorizine present dans BBM.
L'électrophorèse en polyacrylamide de BBM solubilisé montre
environ 37 bandes de protéines et quatre glycoprotéines. Nous
concluons que Ia cellule tubulaire proximale est immunologique-
ment polarisée en cc qui concerne Ia distribution de protéines
antigéniques et que Ic BBM est fortement antigCnique. Les com-
posants antigéniques sont des glycoprotéines de poids moléculaires
élevés.
A role for renal tubular epithelial (RTE) antigen in
human nephritides has been suggested by several
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studies which have shown the presence of RTE an-
tigen along the glomerular capillary walls of patients
with membranous glomerulonephritis [1]. RTE anti-
gens have also been demonstrated in the urine of both
normal and nephritic individuals [2], although the
antigens differ in physicochemical and immunolog-
ical characteristics in the two cases [3]. Antibodies
raised to the antigens found in urine react specifically
with the brush border of renal proximal tubules. Ma-
terial for immunization has been obtained by sieving
and centrifugation, followed by detergent solubiliza-
tion of a "predominantly" tubular membrane frac-
tion. These preparations contain plasma membrane
from both the brush border and basal-lateral aspects
of the tubular cells, and almost certainly include
some basement membrane material and membranes
derived from cell organelles. Thus, material other
than that of plasma membrane origin might contrib-
ute to the pathogenicity of the final extract used for
immunization.
The proximal tubule cell is a polarized cell in struc-
ture and function [4]. We have combined the tech-
niques of differential centrifugation with free-flow
electrophoresis (which takes advantage of this polari-
zation) to separate plasma membrane fractions from
luminal (brush border) and antiluminal (basal-lat-
eral) surfaces of the proximal tubule cell of the dog's
kidney. The two membrane fractions (luminal and
antiluminal) have then been used to immunize rab-
bits, using only one type of membrane fraction per
rabbit. By employing this protocol, we hope to have
avoided potential problems encountered in the stud-
ies cited above in that the source of antigenic material
is more precisely known in our preparations.
Our approach has been successful in raising an
antibody with specificity for antigens at the brush
border surface of the dog's renal proximal tubule,
Using the same protocol, we have not been able to
raise antisera with specificity for the basal-lateral por-
tion of the plasma membrane. This indicates a polar-
ized distribution of antigenic proteins in the proximal
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tubule cell. Studies have been carried out in an at-
tempt to identify the antigens responsible for eliciting
the immunologic response obtained with brush bor-
der membranes. Preliminary results suggest that the
antigens are located in the superficial layer of the
brush border, i.e., in the glycocalyx.
Methods
Membrane preparation. Fresh dog kidney was em-
ployed in all studies. After removal, the kidneys
were flushed free of blood with cold heparinized sa-
line and placed on ice. All processing was carried out
on ice or at 4°C. The capsule was stripped from the
kidney, and the cortex scraped off with a razor blade
and finely minced. The subsequent procedure fol-
lowed was essentially that of Heidrich et al [4].
Minced cortical tissue was placed in 0.01 M TEA-
HAc/0.25 M sucrose, pH 7.6 (10 ml/g of tissue), and
homogenized at the lowest speed with a mechanical
homogenizer. Two low speed centrifugations at 700 g
removed glomeruli and large fragments of tissue re-
maining after homogenization. The remaining mate-
rial was pelleted by a high speed spin at 16,000g. The
top whitish layer of the pellet, representing mem-
branes, was resuspended in a small volume of the
supernatant and removed. This material was homog-
enized to disperse aggregates and recentrifuged at
16,000 g. Again, the upper layer of the pellet was
removed, diluted in isolation medium, homogenized,
and pelleted at 16,000 g. Material at the bottom of
the pellet which did not resuspend readily was dis-
carded: it contained mostly mitochondria. The final
pellet was resuspended in separation buffer (0.01 M
TEA-HC1/0.33 M sucrose, pH 7.4) and homogenized
to break up aggregates, before being subjected to
free-flow electrophoresis.
Free-flow electrophoresis was carried out on an
FF3 apparatus (Brinkmann Co.) at 5°C, 1150 V, 80
to 90 mAmps, with a buffer flow of approximately 2
ml/hr/fraction. Samples were collected on ice.
Assays for protein [5], alkaline phosphatase
(Boehringer, kit 14987, Mannheim), Na-K-AT-
Pase [6], and succinicdehydrogenase [7] were carried
out on all fractions in which membranes could be
seen with phase microscopy (usually 10 to 15 frac-
tions). Alkaline phosphatase (AP) and maltase [8]
were used as markers for brush border membranes,
with Na-K-ATPase for antiluminal membranes
and succinic dehydrogenase (SDH) for mito-
chondria.
Immunological studies. i) Raising anhisera, Frac-
tions containing only one type of membrane, either
brush border membranes (BBM) or antiluminal
membranes (ALM), as shown by enzyme assays were
used to immunize rabbits. Two milligrams of antigen
in 1 ml of phosphate buffered saline (PBS) were emul-
sified in 2 ml of complete Freund's adjuvant (CFA).
Rabbits were anesthetized, and the immunizing dose
was distributed over the four footpads and both
flanks. Subsequent booster injections in incomplete
Freund's adjuvant were given subcutaneously every
second week. Blood samples were collected from an
ear vein prior to each booster and the serum recov-
ered. After heat inactivation of complement (56°C,
30 mm), the serum was tested for antibody by a
hemagglutination assay using sheep red blood cells
(SRBC) sensitized with either BBM or ALM. Sheep
red blood cells in Alsever's solution (Woodlyn Lab.,
Guelph) were washed three times in phosphate buf-
fered saline, and a 50% red cell suspension was sensi-
tized with either BBM or ALM using bis-diazobenzi-
dine to crosslink the antigen to the red cells. After a
ten-minute incubation period at room temperature to
effect sensitization, the cells were washed in 1% nor-
mal rabbit serum and diluted in PBS to give a 2%
suspension of sensitized cells.
Serial doubling dilutions of antisera (which had
been inactivated and absorbed with SRBC) in 1%
normal rabbit serum were made in hemagglutination
assay plates, and sensitized cells were added. Con-
trols consisted of sensitized cells plus diluent, and
unsensitized cells plus undiluted antisera to be tested.
The test plate was read after four hours and thewells
scored + or — for agglutination of the sensitized
cells. When an antibody titre of > 1/2000 was ob-
served, the animals were exsanguinated by cardiac
puncture, and the serum was separated and fraction-
ated on DE52 (Whatman) using a batch technique [9]
to recover the IgG fraction (monitored by immuno-
electrophoresis vs. anti-rabbit whole serum). The IgG
fraction was concentrated to 10 mg/mI by ultrafil-
tration in a stirred cell unit (Amicon).
ii) Immunofluorescent and immunoferritin studies.
Antibodies were tested for specificity at the light mi-
croscope level by indirect immunofluorescence on
fresh frozen sections of normal dog kidney. To in-
vestigate the tissue distribution of the BBM antigens,
the following tissues were also examined by indirect
immunofluorescence: liver, spleen, stomach, gall
bladder, small intestine, pancreas, lacrimal gland,
and epididymis. Four-micron sections were fixed for
30 sec in cold 95% ethanol, then washed three times
for five minutes in PBS. Incubation with antibody or
NRS-IgG was carried out for 30 mm at room temper-
ature (RT) in a moist chamber. Another series of PBS
washes (3 times, 5-mm each) were followed by in-
cubation with fluorescein-labelled goat anti-rabbit
7G (Cappel Labs.). After three more 5-mm washes,
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the sections were dried and mounted in DPX. A
blocking test, in which an incubation with unlabelled
goat anti-rabbit yG was interposed between the in-
cubation with antibody and the incubation with the
fluorescein labelled anti-rabbit 'yG, was also carried
out. Sections were examined with a microscope (Leitz
Dialux) with a reflected light fluorescent attachment,
using an HBO 50W mercury burner. Photography
was carried out using high speed color reversal film
(Ektachrome ASA 160) on black and white print film
(Ilford HP4) with an automatic camera (Leicaflex).
For electron microscopy (EM), membranes were
incubated at RT for 30 mm with antibody, then
washed with PBS three times by centrifugation in a
microfuge (Beckman) for 15 mm. The membranes
were then resuspended in a 1/100 dilution of ferritin
conjugated anti-rabbit 'yG (Cappell Labs.) for 30 mm
at RT, followed by six washes with PBS and centrifu-
gation. The membranes were prepared for EM as
described previously [10]. Grids were examined using
an electron microscope (Phillips Model 300).
Polyacrylamide electrophoresis. Membranes were
solubilized with SDS/mercaptoethanol and elec-
trophoresed on 10% polyacrylamide gels. Gels were
stained for protein with Coomassie Brilliant Blue
(Schwartz/Mann). Bovine serum albumin (Sigma),
phosphorylase a (Sigma), and thyroglobulin (Sigma)
were used as mol wt markers.
Binding assay. Phiorizin-binding was measured us-
ing a millipore filtration technique as described pre-
viously [10]. 3H-phlorizin (specific activity, 5.0
Ci/mmols; mol wt, 472.4) was purchased from New
England Nuclear Corporation. Radiopurity was
checked using the solvent system, chloro-
form: methanol: water (65:25:4).
Results
Free-flow electrophoretic separation. The initial dif-
ferential centrifugation procedure results in a prepa-
ration containing plasma membranes derived from
both luminal and antilumina,1 membranes, as well as
some mitochondrial contamination. Free-flow elec-
trophoresis of this material allows separation of the
luminal and antiluminal membranes. A typical free-
flow electrophoretic profile is shown in Figure 1.
Inspection reveals that mitochondria, when present,
are found in the protein peak, which falls between the
peaks of AP and Na-K-ATPase activity. This pro-
file for the dog is almost identical to that obtained by
Heidrich et a! for the rat's kidney [4]. In most prepa-
rations the first two to three fractions contain only
BBM, as judged by phase microscopy, and a high
enrichment of AP activity with no measurable Nat-
K-ATPase or SDH activity. These fractions were
(+) ATPase SDH
Protein, pg/lOU X
AP = Alkaline/ ' phosphatase,/ mU/mg of
protein
ATPase,' ATPase Na and K
' ," ATPase, pM
/ ,' " P/hr/mg of
1/ protein
- ' 'SOH Succinic
dehydrogenase,
pM/mm/mg of
-
SDH \ protein
61 63 65 67 69 Fl 73
Sample number
Fig. I. Distribution of particulate membrane fractions from dog
kidney cortex after free-flow elect rophoresis, showing separation of
brush border and basal-lateral membranes. Migration is towards the
anode.
used for further studies of the BBM. The AP activity
in these fractions varied from 5,000 to 19,000
am/hr/mg of protein. Sometimes the last two to three
fractions contained only ALM (high Na-K-AT-
Pase activity, no AP or SDH activity), and these
fractions were also used for further studies when
available (ATPase activity, 6 to 18tM P1 liber-
ated/hr/mg of protein). Fractions containing more
than one type of membrane as judged by the enzyme
assays were not used for immunization.
Raising of antisera against BBM and A LM. Rabbits
immunized with BBM responded rapidly, and within
four to six weeks were producing a high titre of
antibody which agglutinated SRBC sensitized with
BBM, but not cells sensitized with ALM.
No antibody production was seen in rabbits immu-
nized with ALM after 12 weeks and several booster
injections. The animals which did not respond to
ALM were judged to be immunocompetent, as veri-
fied by their subsequent rapid response to injections
of BBM. It appears that the constituents responsible
for the antigenicity of the BBM are not present on the
ALM. The BBM antigens are thought to be present
in the glycocalyx which is not prominent on the
ALM, and this may be the explanation for the lack of
response in rabbits immunized with ALM. If anti-
genic sites are present on the ALM, they may be too
sparsely distributed to stimulate an immune response
in the dose schedule used in our study. Further stud-
ies using higher doses, and membranes modified to
expose more protein, i.e., partially solubilized ALM,
will be necessary before the ALM can be ruled to be
non-antigenic.
Antisera which exhibited hemagglutination activity
specifically against the BBM fraction were then fur-
ProteinProtein AP (—)
14 14,000
12 12,000
10 10,000
8 8,000
6 6,000
4 4,000
2 2,000
44
36
28
20
12
4
.4
.2
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composition of the two membranes can be made at
this time.
Immunofluorescent characterization of anti-BBM
antibody. Fresh frozen sections of normal adult dog
kidney, when incubated with anti-dog BBM antibody
and then fluorescein labelled anti-rabbit 'yG, showed
strong fluorescence of the brush border membrane at
the luminal surface of the proximal tubules (Fig. 3).
No staining of the antiluminal membrane was seen,
although occasionally cytoplasmic staining was evi-
dent. There was no staining of the tubular or gb-
merular basement membranes, glomeruli, or distal
tubules. Fluorescent staining of the BBM could be
inhibited by incubation with unlabelled anti-rabbit
yG. No staining was seen when the antibody to BBM
was replaced by normal rabbit serum IgG. The brush
border surface of the small intestine and gall bladder
epithelium also showed staining with anti-BBM an-
tibody (Fig. 4), as did the tubular epithelium of the
epididymal head. Pancreatic acinar cells showed
apical staining, although considerable staining of
these cells was also seen when the antibody was re-
placed by normal rabbit serum. Cells of the secretory
ducts in the lacrimal gland showed staining with the
ther characterized. The serum was fractionated on
DE52 to isolate the IgG fraction. Immunoelec-
trophoresis confirmed that the recovered fraction
contained only IgG, and the hemagglutination assay
was repeated to show that the IgG still reacted with
BBM. Its effect on several known BBM functions was
then investigated, and will be described later.
Polyacrylamide gel electrophoresis (PAGE) of tubu-
lar membranes. Solubilized BBM were subjected to
PAGE electrophoresis on 10% slab gels. Figure 2
shows a photograph of a typical profile with 37
identifiable bands. No clean ALMs were available for
electrophoresis, and so no comparison of the protein
Fig. 3. Immunofluorescent staining of BBM with anti-BBM antibody
and fluorescein labelled goat anti-rabbit -yG. Top: Staining of BBM
of proximal tubules is shown (note also some cytoplasmic stain-
ing). No staining is seen in the distal tubule, lower left, or in the
interstitium. Bottom: Staining of proximal tubule BBM is shown.
No staining of glomerulus is seen at the right (X 1700).
Fig. 2. Electrophoretic profile of solubilized BBM in 10% poly-
acrylamide gel, stained for protein with Coomassie blue, a repre-
sents solubilized membranes; b represents mol wt markers:
phosphorylase a (mol wt, 94,000), rat serum albumin (mol wt,
68,000), lgG (mol wt, 52,000), and chymotrypsinogen A (mol wt,
25,000).
Phoephorylase a
• Rat Serum Albumin
Heavy ChS Rabbit igG
a Chymotrypelnogen A
antibody. No staining was seen with sections of stom-
ach, spleen, or liver.
It is interesting to note that the BBM antigen ap-
pears to be much more widespread in the embryo and
newborn dog (Chant and Silverman, in preparation),
becoming more restricted in distribution during onto-
genesis.
Immunoferritin-labeled antibody studies. When a
mixture of BBM and ALM was incubated first with
the anti-BBM antibody, and then with ferritin la-
belled anti-rabbit yG, the ferritin could be seen in
association with microvillous profiles (0.2 to
lt diameter) (Fig. 5). No ferritin was seen along pro-
Fig. 5. Immunoferritin labelling of BBM vesicles. Top: Low power
electron micrograph shows ferritin in association with microvillous
profiles (0.2 to li diameter). Bottom: High power electron micro-
graph shows membrane vesicle derived from BBM.
files of antiluminal membranes or the occasional
mitochondria. Not all profiles with the dimensions of
microvillous membranes bound ferritin: these may
represent "inside out" membrane vesicles to which
the antibody and/or ferritin did not have access.
Alternatively, the lack of binding to all available
brush border profiles might reflect differences in dis-
tribution of surface antigens, or chemical alterations
produced by the isolation medium as well as hetero-
geneity of the anti-BBM antibody.
The preceding results of immunofluorescent, im-
munoferritin, and hemagglutination studies demon-
strate that antisera raised against a highly purified
BBM fraction obtained by free-flow electrophoresis
exhibits specificity only for the brush border mem-
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Fig. 4. Top: dog small intestine showing BBM staining; middle: dog
gall bladder epit/ieliutn showing BBM staining; bottom: staining of
the apical surface of the cells in the epididymal head in the adult dog
(X1250).
V(
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branes of proximal tubular cells in the kidney and not
for any other renal membranes. Further studies have
focused attention on identifying the antigens in the
brush border membrane. To this end, the effect of the
antibody on activities associated with the brush bor-
der membrane has been investigated.
Effect of anti-BBM antibody on phlorizin-binding.
Previous work in this laboratory has demonstrated
the presence of a high affinity phiorizin receptor on
the brush border of the proximal tubule in the dog
kidney [101. This phiorizin receptor is identical to
that part of the glucose transporter exposed at the
exterior (urine) face of the membrane. To determine
if the antibody had specificity for the glucose trans-
porter, the phiorizin-binding assay was carried out
with antibody or NRS-IgG present. Phiorizin-bind-
ing was measured using 1) control membranes, 2)
membranes incubated with normal rabbit serum IgG,
and 3) membranes incubated with antibody to BBM.
The membranes used in (1), (2), and (3) above were
obtained from the same preparation. Rabbit IgG
fractions were first dialyzed against the buffer used in
the binding assay (140 m sodium chloride, 5 mM
EDTA, Tris-HC1 pH 7.45). During performance of
the binding assay, 100tg of either anti-BBM IgG or
Fig. 6. A. Scatchard plot of 3H-phlorizin binding to BBM. (•)
represents control membranes, () membranes incubated with
NRS-lgG, (U) membranes incubated with anti-BBM antibody,
and (1) membranes incubated with 100 mr't D-glucose. B. Glucose
sensitive phiorizin binding sites derived by taking the difference
between phiorizin-binding alone and in the presence of 100 msi D-
glucose. Data indicate probably two binding sites; line is drawn by
inspection to show approximation of only one site. b = bound
fraction in pmoles/mg of membrane protein. f = free phlorizin
concentration in moles/liter (ordinate (b/f) in liters mg X 106;
abcissa b in moles mg' >< 1012).
normal rabbit IgG is preincubated for 25 mm at 4°C
with aliquots of intact brush border membranes con-
taining l00tg of membrane protein in a total volume
of 100 A. After this period of preincubation at 4°C,
the samples are incubated at 37°C for 2 mm. A pulse
of 3H-phlorizin (20 A) of appropriate concentration is
then added, and incubation proceeds at 37°C for a
further 2½ mm before the sample is diluted with ice
cold buffer and filtered on the millipore membrane.
Figure 6a shows the results of the phlorizin-binding
studies in the form of a Scatchard plot. Inspection
reveals that the presence of excess anti-BBM an-
tibody or normal rabbit IgG does not alter the high
affinity phlorizin receptor binding compared to con-
trols. Also shown in Figure 6 is the fact that 100 mrvi D-
glucose completely inhibits the high affinity phlorizin
receptor in the same preparation. Subtraction of this
non-glucose sensitive phlorizin-binding leads to the
results shown in Figure 6b. To a first approximation,
the plot is linear, giving a Kd of 0.35AM and in-
dicating 18 pmoles of receptor/mg of protein. These
values are similar to those which we have previously
published for the dog's kidney [10]. These results
indicate that the anti-BBM antibody has no specific-
ity for the glucose transporter present in the BBM, or
that this site is inaccessible to the antibody.
Effect of anti-BBM antibody on membrane enzy-
matic activities. Membrane samples were incubated
with varying concentrations of antibody for 30 mm
at 22°C. Assays for alkaline phosphatase and maltase
were then carried out. As indicated in Table 1, no
inhibition or enhancement was observed by prior
incubation with antibody relative to appropriate con-
trols. Papamn-solubilized maltase [11] from BBM
could be precipitated quantitatively using increasing
amounts of antibody but not with NRS-IgG. The
precipitated enzyme retained its catalytic activity.
Figure 7 shows the precipitin curve for the reaction
between the antibody and the solubilized enzyme.
Double immunodiffusion of the antibody with the
papain-solubilized material showed one precipitin
line (Fig. 8). These results are consistent with the
work of Stevenson [11-13], who found that anti-rabbit
BBM antibody precipitated maltase released from the
30 membranes by papain but did not alter its catalytic
activity.
Discussion
The adaption of Hannig's method [14] using free-
flow electrophoresis to the separation of BBM and
ALM from the dog's kidney has allowed us to sepa-
rate out clean membrane fractions from these oppos-
ing surfaces of the proximal tubule cell. The advan-
tage of using free-flow electrophoresis over the
• Control
.100mM D-glucose
• Serum
• Antibody
Kd = 0.35 pM
N = 18 pmoles/mg
of membrane protein
b
10 20
Li
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Exp.
no.
Enzyme
activity
Alkaline phosphatasea
Control membranes 1 8012
Membranes + antibody 1 8017
(5 to 2,000 sg of antibody protein) I (repeat) 7675
Maliase5
Control membranes 1 175
2 174
3 83
Membranes + antibody 1 165
(25 to 500 sg of antibody protein) 2 145
3 83
Membranes + NRSIgG 1 179
(25 to lOOpg of protein) 3 86
protein.
previously employed separation techniques is that it
takes advantage of the polarized nature of the prox-
imal tubule cell, expressed as differences in surface
charge, and allows separation of the opposing plasma
membranes (luminal and antiluminal) free from con-
tamination with cell organelles or basement mem-
brane material. Since our intention was to study and
compare the immunologic characteristics of the BBM
and ALM, their separation was of prime importance.
Under the conditions employed, BBM were more
readily obtainable, and so it is to these membranes
that most of our attention has been directed. How-
ever, wherever possible, ALM have been studied in
parallel with BBM.
Antibody of the IgG class was produced readily by
rabbits immunized with BBM; but using the same
protocol, no response was seen in rabbits immunized
with ALM. The BBM has a rich glycocalyx on its
external surface, in contrast to the ALM. We feel that
this structural difference between the two membranes
is responsible for the difference in response of the
rabbits to immunization with either BBM or ALM.
Moreover, the specificity of the response demon-
strates an immunologic polarity of the proximal tu-
bule cell.
lmmunofluorescent studies demonstrate that the
antigen present in the BBM of the adult dog kidney
responsible for the induction of the immune response
is present in several secretory and absorptive epithe-
hal surfaces. We have demonstrated the presence of
the antigen using the anti-BBM antibody in the brush
border surfaces of small intestine, gall bladder, and
epididymis. The antigen can also be shown to be
Antibody protein, g
Fig. 7. Precipitation of papain-solubilized maltase from intact brush
border membranes by anti-BBM antibody. Maltase activity is mea-
sured in pM glucose liberated/mm/mg of protein. OD is read at
420 nm.
present on the apical membranes of the exocrine pan-
creas acinar cells and the secretory cells of the lac-
rimal gland. In all cases, its membrane distribution is
restricted to the apical surface of the cells where
secretion or absorption is taking place. In the kidney
we have also demonstrated its presence in the cyto-
plasm of proximal tubule cells. This can be ac-
counted for by continuous turnover of membrane
constituents and/or their internalization during de-
generation. No doubt, this holds true for the other
tissues, but has not as yet been observed by us. These
Table 1. Effect of anti-BBM antibody on membrane enzyme
activity
— Maltase activity in pellet
— — Maltase activity in supernatant
a0
S
-
20 40 60 80
Mean of two determinations in mv/mi/mg of protein.
Mean of two determinations in pg of glucose/mm/mg of
100
Fig. 8. Ouchierlony double immunodiffusion of antibody at varying
concentrations (wells Ito 5), NRS-IgG (well 6) and material released
from BBM by papain digestion (center well): I) 300pg of antibody
protein; 2) lSOpg of antibody protein; 3) 75pg of antibody protein;
4) 37.Spg of antibody protein; 5) I9pg of antibody protein; 6) 67pg
of NRS-IgG; center well: O.37pg of protein.
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results are similar to those of Linder [15] for human
renal and epididymal tissue and Miettinen and Linder
[16] for a variety of rat tissues, except that we did not
find staining of the bile canaliculi in the adult dog's
liver.
The immunoferritin studies confirm at the EM
level that the antibody has specificity for the BBM as
far as the adult kidney is concerned. Ferritin is only
seen in association with profiles having the dimen-
sions of microvillous profiles, and not in association
with profiles of ALM, or mitochondria present in the
preparations used for EM studies. Again this demon-
strates the specificity of the anti-BBM antibody and
the immunolgic difference between BBM and ALM.
Double immunodiffusion of papain-digested mate-
rial with the anti-BBM antibody revealed only one
precipitin line. This suggests that maltase is the only
molecule released from the membrane by papain in
quantities sufficient to be detected with this antibody
using the Ouchterlony technique. This does not imply
that the antibody is directed solely against membrane
maltase; but rather that some of its determinants may
be less susceptible to papain cleavage than maltase.
Thus, we have shown that the BBM in a highly
purified form is readily obtainable and highly im-
munogenic. Whether or not it is also pathogenic re-
mains to be demonstrated, but the methodology of
membrane separation applied here would seem to
offer a particularly suitable membrane preparation
with which to initiate studies on the pathogenicity of
antigens located in the brush border membrane.
There is no danger of contamination of the prepara-
tion with antigens from other parts of the cell, which
might also be pathogenic, and thus, any pathologic
lesions induced by immunization with such a prepa-
ration can truly be deemed to be caused by RTE
antigens.
In an effort to begin characterization of the anti-
gens of the BBM, the effect of anti-BBM antibody on
known BBM functions was investigated. The an-
tibody did not alter the binding of phiorizin to its
high affinity receptor on the BBM, nor was there any
change in AP activity. The phiorizin receptor is iden-
tical to that part of the glucose transporter exposed at
the exterior (urine) face of the BBM. Both these
functions are believed to be dependent upon so-called
core membrane proteins embedded deeply in the hy-
drophobic region of the membrane matrix [17]. That
their activities are not affected by the antibody sug-
gests that it is directed at membrane proteins located
more superficially with respect to the external aque-
ous environment. This is consistent with the fact that
the antibody has affinity for membrane maltase
which has been shown to lie superficial to the glucose
transporter [18] in dog kidney. Although the an-
tibody does not affect maltase activity of the intact
membranes, or of the papain-solubilized fraction, it is
capable of precipitating the solubilized maltase out of
solution without affecting its catalytic activity.
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